Objective: To identify patterns of asthma control and treatment in Australian adults with asthma.
A sthma is one of the most common chronic diseases in Australia, affecting 10% of the population 1 and is a National Health Priority Area. Despite this, there is a widespread perception that it is no longer a problem in Australia, especially as asthma mortality has fallen by 70% from its peak in the 1980s. Asthma mortality in this country nevertheless remains high by international comparisons, particularly in young people (those aged 5-34 years).
1 Further, asthma was the seventh-highest cause of years lived with disability in Australasia in 2010. 2 Since 1989, Australia has taken a lead in developing and updating clinical practice guidelines for asthma. In March 2014, the new national guidelines 3 were launched, and effective asthma control was affirmed as the key goal of treatment. Consistent with international recommendations, 4,5 two domains of asthma control are now assessed: symptom control and the future risk of adverse outcomes, such as flare-ups (exacerbations). Asthma control is also one of the recommended National Asthma Indicators for monitoring asthma in Australia. 6 To improve clinical practice and asthma policy, reliable populationbased data on asthma control in Australia are needed. While statistics for several asthma indicators are available, including prevalence, general practice encounters, hospitalisations and mortality, 1 there is little information on measures of asthma control. A recent review could find no population-level Australian data for validated composite measures of asthma control, such as the Asthma Control Test (ACT). Even the most recent population-based surveys of individual asthma control measures were conducted more than 10 years ago. 7 Population-based data would also enable the impact of asthma treatment to be assessed. Asthmarelated expenditure in Australia during the 2008-09 financial year was $655 million, of which 50% was spent on prescription pharmaceuticals. 8 Preventer medications for asthma, such as inhaled corticosteroids (ICS) alone or in combination with long-acting ␤ 2 -agonists (LABA), are subsidised by the Pharmaceutical Benefits Scheme (PBS), but analysis of PBS data 1 indicates that they are prescribed at much higher doses and in more expensive combination formulations than necessary, 3 and are also prescribed together with antibiotics for short-term respiratory conditions. 9 Further, of adults who are dispensed any preventer medication, only 9%-30% have it dispensed as often as would be consistent with minimal regular use.
1 These data indicate that there are substantial quality problems in Australia with respect to both the prescribing and use of preventer medications.
Past gold standard approaches to population studies involved randomdigit dialling and postal surveys of randomly selected participants. The declining ownership of telephone landlines in Australian homes, however, and survey participation rates below 30% (eg, in the study by Toelle and colleagues 10 ) have increased the risk of both selection and response biases. Internet access is rapidly increasing across the socioeconomic spectrum, and there is growing interest in well designed, rigorously reported webbased surveys to minimise these problems.
11
The aim of our study was to establish the relationship between control of asthma symptoms, medication use and health care utilisation by Australians aged 16 years and over with current asthma.
Methods

Study design and ethics
We undertook a cross-sectional webbased survey of adult Australians with current asthma (details [Checklist for Reporting Results of Internet E-Surveys, CHERRIES] in Appendix 1). Ethics approval was obtained from the Human Research Ethics Committee, Concord Hospital, NSW. All participants provided informed consent.
Inclusion criteria and recruitment
The target population was Australians aged 16 years and over with current asthma. Participants were recruited from an online panel of 224 898 people provided by Survey Sampling International (Melbourne, Australia). To minimise response bias, a three-stage randomised selection process was used: (i) panel members were randomly invited to take a survey, without specifying the topic of the survey; (ii) respondents were shown initial randomly selected profiling questions that included one which asked whether they had ever experienced any of several health conditions, including asthma; and (iii) those responding that they had experienced asthma were asked two questions, similar to those in the Australian Health Survey, to identify those with "current asthma": "Have you ever been told by a health professional that you have asthma?" and "Have you had symptoms of asthma or taken medication for asthma in the last 12 months?" Those who responded "Yes" to both questions were included in the study sample. Recruitment was stratified by sex, age and state of residence, according to Australian data for people with asthma (2011-12 Australian Health Survey).
12 Participants received "points" to a value of about $1.50 from the panel provider.
Questionnaire
The design of the survey instrument was based on information drawn from relevant scientific publications, qualitative research, and professional health care reviews; it was then cognitively tested in five people with current asthma and piloted in 600 panel members with current asthma. Survey topics included basic demographics, asthma history, asthma treatment and frequency of routine and emergency health care utilisation for asthma. Asthma symptom control was assessed with a validated five-item tool (Asthma Control Test; ACT 13 ), used under licence from QualityMetric Incorporated. Symptom control was classified, according to standard cut-off points, as "well controlled" (ACT score of 20-25 points), "not well controlled" (16-19 points) or "very poorly controlled" (5-15 points). Overall health status was assessed with a question from the Australian Health Survey, "In general, would you say your health is….?", with five response options ranging from "excellent" to "poor". A standard screening question for assessing health literacy was included: "How confident are you filling out medical forms by yourself?", with response options ranging from 1 ("not at all") to 7 ("extremely"); responses of 4 ("somewhat") or less indicate limited health literacy.
14 Self-reported adherence to asthma treatment was assessed by asking "How often do you use your [inhaler name] ?", with eight responses ranging from "every day" to "a few times a year".
Data analysis
Data were analysed using SPSS 19.0 (SPSS Inc). Analyses were weighted according to Australian asthma population benchmarks by age group, sex and state, based on data for people with current asthma in the 2011-12 Australian Health Survey.
12 Results were reported using descriptive statistics, with means and 95% CIs Logistic regression analysis tested the effects of age, sex, Socio-Economic Indexes for Areas (SEIFA) scores, 15 smoking status, health literacy, education level, and age at asthma diagnosis on the level of asthma control.
Results
Demographics and medications
The flow chart of participant selection is included in Appendix 2. Of the 80 518 panel members randomly invited to participate, 27 606 accepted and were shown the profiling questions (panel participation rate, 34.3%). Of these, 3033 people with current asthma were selected at recruitment stage (iii), and invited to participate in the survey; 3018 did so (asthma participation rate, 99.5%), and 2686 completed the survey (response rate, 89.0%). The demographic distribution of the sample closely matched national data for people with asthma (Appendix 3).
Box 1 includes the detailed demographic characteristics of the study sample. Of the respondents, 57.1% were women, and 40.4% were aged 50 years and over. A health care concession card was held by 54.7% of participants, and 40.7% lived in areas in the two lowest SEIFA quintiles (greatest socioeconomic disadvantage); 11.5% of participants responded "somewhat" or less to the question about confidence in completing medical forms, consistent with limited health literacy.
14 One fifth of participants were current smokers, consistent with national data for people with asthma.
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In the past 12 months, 92.6% of participants reported using a short-acting ␤ 2 -agonist reliever inhaler, and 60.8% reported using one or more ICS-containing medications, with 49.6% using combination ICS/LABA and 17.1% using ICS-only medications. Of the 1601 participants using ICS or ICS/LABA inhalers, 43.2% reported using them less frequently than 5 days a week, and 30.5% less than weekly (Box 2).
Asthma symptom control and health care utilisation The mean ACT score of the 2686 participants was 19.2 (range 5-25; 95% CI, 18.9-19.3). Asthma was "well controlled" in 54.4%, "not well controlled" in 22.7%, and "very poorly controlled" in 23.0%. Multivariable analysis identified being male and a history of smoking (daily, less than daily, or in the past), as demographic characteristics that were significantly associated with "very poorly controlled" asthma, but not age group, education level, SEIFA category or age at asthma diagnosis (Appendix 4).
Only half (50.5%) of the 2686 participants reported having seen their general practitioner for a non-urgent asthma review during the previous year, and only 20.4% had discussed their asthma with a pharmacist; 10.6% had consulted a specialist regarding their asthma. Guidelines recommend that every patient with asthma should have a routine review at least yearly. Almost a quarter of participants (23.3%) had visited a general practitioner urgently about asthma at least once during the previous year, and 10.0% had attended a hospital or emergency department one or more times, with, in total, 28.6% reporting an urgent visit. Of the participants with "very poorly controlled" asthma, 44.2% reported one or more urgent GP visits during the previous year, compared with 12.5% of those with "well controlled" asthma (adjusted odds ratio [AOR], 5.98; 95% CI, 4.75-7.54). Similarly, 17.8% of those with "very poorly controlled" asthma had visited an emergency department or hospital, compared with 6.5% of those with "well controlled" asthma (AOR, 2.59; 95% CI, 1.91-3.53).
Preventer use and asthma control Box 2 and Box 3 classify participants according to asthma symptom control and self-reported frequency of ICS-containing preventer medication use. Participants who reported using both an ICS-only medication and a non-ICS preventer in the past 12 months were excluded from this part of the analysis, as the structure of the questionnaire did not permit the frequency of use of these medications to be individually distinguished (these 32 participants (1.2% of sample) were asked how often they had used these medications, but not to break this down by specific medications). Non-urgent visit to general practitioner for review of asthma in past 12 months 1355 (50.5%) ICS = inhaled corticosteroids; LABA = long-acting ␤2-agonist. Data were weighted for age, sex and state of residence. * The disparity between the sum of the numbers in these groups and the total number of participants is the result of rounding weighted data to whole numbers. † Participants were asked which treatments they had used in the past 12 months, with the images and brand names of relevant medications shown on screen. ‡ Use of LABA without concurrent ICS (either in combination or as separate inhalers) is strongly discouraged by asthma treatment guidelines.  Four main groups could be identified. Group A (40.0% of participants) had "well controlled asthma" while using a preventer less than 5 days a week or not at all; these patients are considered to have mild asthma. 5 Group B (14.6%) had "well controlled" asthma while using a preventer at least 5 days a week. Conversely, group C (19.7%) had uncontrolled symptoms (ie, "not well controlled" or "very poorly controlled") despite reportedly using their preventer medication at least 5 days a week. Group D (25.7%) had uncontrolled symptoms, and used no preventer medicine at all, or used it infrequently.
Discussion
This study provides the first nationally representative data on asthma control in Australian adults. Participants were recruited from a web-based panel of almost a quarter of a million Australians, using a three-stage randomised selection process to minimise selection and response biases. We identified significant personal and economic burdens associated with asthma. Symptom control was poor in 45% of participants, while 29% had needed urgent health care for their asthma during the previous year. The data indicated significant problems regarding the prescribing of asthma medications: in contrast with guidelines, many more participants had been prescribed expensive combination ICS/LABA inhalers than had been prescribed ICS alone. Adherence to inhaled maintenance therapy was also poor: 43% of preventer medication users reported taking it less than 5 days a week, and 31% used it less than weekly. Of the participants with uncontrolled asthma symptoms, 23% used preventer medication less than 5 days a week, while 34% did not use any preventer. Taken together, these findings indicate that a significant proportion of asthma morbidity and its associated costs in Australia are preventable.
Study strengths and limitations
Rigorous web-based surveys can be valuable for assessing the impact of asthma policy and practice in Australia. Obtaining a representative sample is crucial, and we chose a web-based design being aware of the low response rates associated with surveys that employ random digit dialling and postal questionnaires, 16 and high levels of home internet access. For example, 83% of Australian households had home internet access in 2012-2013, including 59% and 77% of those in the lowest and second lowest quintiles of equivalised household income, respectively; 60% of those aged 55 years or over had accessed the internet in the previous 12 months. 17 A further strength of our study was that it complied with the requirements of the CHERRIES criteria for reporting e-health surveys (Appendix 1).
11 Many earlier internet surveys were advertised on open websites, and investigators could not accurately identify the denominator population (ie, those who had seen the invitation ICS = inhaled corticosteroids; LABA = long-acting ␤2-agonist. A = well controlled symptoms, infrequent or no preventer use; B = well controlled symptoms, regular preventer use; C = poorly controlled symptoms, frequent preventer use; D = poorly controlled symptoms, infrequent or no preventer use (see also Box 3 and discussion in text). * 32 participants who had used an ICS-only and a non-ICS preventer in the past 12 months were excluded from this analysis because the questionnaire did not permit the frequency of use of the ICS to be distinguished. The medications used by the 32 excluded patients were: a leukotriene receptor antagonist (montelukast, 15 patients), cromones (sodium cromoglycate, 12 patients; or nedocromil sodium, 17 patients) and an anti-immunoglobulin E monoclonal antibody (omalizumab, four patients). † ICS/LABA combinations (budesonide/eformoterol or fluticasone propionate/salmeterol) and/or ICS alone (beclomethasone, budesonide, ciclesonide, fluticasone propionate). For the 157 participants who reported using both an ICS and an ICS/LABA combination in the previous 12 months, the higher of the two reported frequencies was used. ‡ Percentage of total sample of 2654. All other percentages are based on the symptom control group. § The disparity between the sum of the numbers in these groups and the total number of participants is the result of rounding weighted data to whole numbers.  to participate), and were also subject to response bias resulting from topic-specific survey invitations. The potential for selection and responder biases was minimised in our study by the three-stage random selection of participants from a large webbased panel, by the stratification of recruitment and weighting of analyses by age, sex and state according to national data on people with asthma, and by the completion rate of 89%. We do not know whether our findings can be generalised to people without internet access, but comparisons of recruitment methods have found that probability-based internet sampling achieves the best balance of sample composition and accuracy. 18, 19 The use of a validated asthma control tool also increased the reliability of the findings.
The major limitations of our study were those associated with any asthma survey: the individual diagnoses of asthma cannot be confirmed, medication doses cannot be accurately established, self-reported adherence to treatment schedules may be overestimated, and inhaler technique (an important contributor to poorly controlled asthma 20 ) cannot be assessed. However, our study fills important gaps in our knowledge about asthma in Australia and, if repeated in the future, would enable assessment of trends in asthma treatment outcomes.
Clinical implications of the study Both poor asthma symptom control and flare-ups are effectively prevented by regular ICS-containing preventer medications, even at low doses. Despite the ready availability of these medications and the fact that they are subsidised by the PBS, we found significant treatment problems relevant to asthma control. It is difficult to assess the appropriateness of preventer prescribing for individual patients without information about past treatment adjustments and currently prescribed doses, but some patterns were nevertheless clear. Australian guidelines emphasise that good asthma control can be achieved in most patients with ICS alone, and only some need combination ICS/LABA medications, which are substantially more expensive for both government and patient.
3 However, nearly three times as many participants reported using a combination ICS/LABA medication in the past 12 months as those who used ICS alone.
To elicit the key clinical implications of these data, we intentionally took a broad approach based on clinical information that is emphasised by asthma guidelines and is readily available to general practitioners: asthma symptom control and adherence to prescribed preventer medication. Four groups were identified that have differing implications for clinical practice (Box 3). The 40% of participants with "well controlled" asthma while using preventer medication infrequently or not at all (Group A) would generally be considered to have mild asthma, but may still be at risk of flare-ups, 5 so their asthma and its management should be reviewed at least annually. For the 14.7% with "well controlled" asthma while using preventer medication at least 5 days a week (Group B), down-titration should be considered once symptoms have been well controlled for 2-3 months, in order to find the minimum effective preventer dose.
3 Patients in Group C (almost 20%) had apparently uncontrolled asthma despite regular asthma preventer use; while some respiratory symptoms may be due to concomitant conditions, such as chronic obstructive pulmonary disease, and while patients often overstate their adherence to medication, 21 much of the symptom burden in this group is probably due to incorrect inhaler technique. 20 Finally, the 25.7% of participants with uncontrolled asthma symptoms while using no preventer treatment or taking it infrequently (Group D) are at significant risk of severe flare-ups, and interventions are needed to initiate preventer medication or to improve adherence to prescribed therapy.
Few previous Australian statistics on asthma control are available for comparison with our findings. No previous population-based studies have used validated asthma control tools, but it was found that 40% of adults in a 2007 non-random sample had poorly controlled asthma as indicated by an Asthma Control Questionnaire score of 1.5 or more.
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The most recent population-based data (from 2002-2007 7 ) suggested that asthma symptom control was poor in 12%-37% of adult patients. The level of control, however, may have been overestimated, as only individual control parameters were assessed. 23 An urgent visit to a general practitioner because of asthma in the previous year was reported by 23% of the present sample, compared with 14.3% in a 2003 population-based survey. 24 The proportion of participants in the present study with suboptimal asthma control according to ACT score (45%) lies between the rates reported by recent population-based studies in the United States (41%) 25 and Europe (50%). In conclusion, this study provides the first nationally representative data on asthma control and treatment for Australians with current asthma. Substantial problems with respect to prescribing and use of medications were identified. For almost half the participants there was a gap between the potential control of their asthma symptoms and the level currently experienced. These findings challenge the perception that asthma is a "solved" problem in Australia, a view that may contribute to lack of attention to asthma in clinical practice. Our findings reinforce the key recommendations for primary care in the recently published Australian Asthma Handbook, 3 including regular and structured assessment to identify patients with poor asthma control; checking for common problems, such as poor adherence to therapy and inhaler technique; and appropriate prescribing of preventer medications to optimise outcomes and minimise costs and risks to the patient and to the community.
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